The objective of this study is to develop a structural model to assess students' knowledge-attitude towards sustainability. It is focused on the first-year engineering students. A 36-item of initial questionnaire has been developed and distributed to 188 respondents during the study. The data are analyzed using Statistical Packages of Social Sciences (SPSS) Version 18 and AMOS 18. There are two stages of analysis; namely, confirmatory factor analysis and structural equation model. The use of structural equation model (SEM) has successfully developed a model of knowledge-attitude with the smallest necessary number of parameters that are able to still adequately describe the observed covariance structure. Results have shown that the structural model was reliable and in agreement with the influence of knowledge on attitude towards sustainability among the first-year engineering students. It was found that the basic knowledge on sustainable development has a strong correlation to developing and improving students' attitudes. The model has also successfully measured the level of knowledge and attitude before and after treatment process, why they required to understand sustainable development and how much they change their attitude towards sustainability. This model is also proposed as a tool for lecturers to prepare their teaching materials and emphasise the important elements of sustainable development that they have to address. As effective teachers, they should be professionally knowledgeable in sustainable development and capable of integrating it in related courses.
Introduction
Nowadays, sustainable development is much emphasised at all levels of education in order to inculcate the awareness of sustainability to maintain and improve the quality of life in the present and future generations. Through lifelong learning, students would have the knowledge and skills to address and overcome the issues related to their environment, economy and social well being. It is especially essential to develop future engineers with the latest knowledge and technical skills with knowledge of sustainability. Therefore, the universities as higher education providers are the right place to reform and develop students' knowledge, skills and attitudes towards sustainability, because as problem solvers and innovators, they should play their crucial role in the development of the nation. The issues on sustainable development should be addressed in the learning process as early as the first year of study to ensure the graduates establish a responsibility to the environment, social and economic activities. A quality of life in the future will depend on the present society as it would have an authority in developing and managing the country.
However, looking into the Malaysian environmental scenario, several incidents have clearly indicated problems due to the imbalance development growth that can cause devastation to the environment and brought miseries to the people and landscape. Therefore, it is the shared responsibility of an academician, through proper curriculum design to instill awareness on all students with the intention that they can preserve the environment. Studies conducted on environmental awareness and lifestyles, showed that Malaysian have low to moderate level of understanding on environmental issues. For instance, Tamby et. al (2010) conducted a studied around the concept of environmental citizenship that gravitates around the Malaysian primary and secondary school students. The results show, students have low level of knowledge and attitude. Pauziah (2004) has embarked on a research on environmental education at primary school and she claimed that environmental education has never gravitated in addressing the interrelationships of components such as knowledge, attitude, skill and participation. While, several major problems defined as barriers in engineering education towards environmental for sustainability have listed as lack of awareness and appreciation of environmental issues between the academics and students, the academics are lacking knowledge and experiences on integrating environmental aspects into engineering education and had very little focus on environmental issues in the engineering curriculum. They are just experiencing the problem of environmental pollution, sewage disposal in rivers, open burning and haze problems but their knowledge and awareness are not up to the level to think about adverse long time effect of this problem on national economy and their life (Tamby et. al. 2010 ). There are several established instruments to measure environmental attitudes towards sustainability such as Children's Environmental Attitude & Knowledge Scale (Leeming et al, 1995) , Environmental Attitude & Ecological Behaviour (Kaiser, 1999) , Behaviour-Based Environmental Attitude (Kaiser, 2007) and New Environmental Paradigm (Dunlop & Van Liere, 1978) .
Thus, the purpose of this study is to develop a structural model of assessing students' knowledge-attitude towards sustainability among the first year engineering students. The use of structural equation model (SEM) has been successfully developed on a model of knowledge-attitude with the smallest necessary number of parameters that still adequately describes the objectives of the study. Through teaching and learning activities, students are exposed to sustainability issues. This model can be used as a tool to determine the level of students' knowledge and attitude towards sustainability before and after they have enrolled into the course. Based on this model, the influence of knowledge in improving and developing students' change of attitudes towards sustainability could be determined.
Literature Review
The definition for Education for Sustainable Development of ESD provided by the Sustainable Development Education Panel of the United Kingdom (September 1998), states that "Education for sustainable development enables people to develop knowledge, values and skills to participate in decisions about the way we things individually and collectively, both locally and globally, that will improve the quality of life now without damaging the planet for the future". In other words, ESD can be defined as the learning required to maintaining and improving the quality of life of the present and future generations, and education is used as a tool to achieve sustainability. In addition, giving students knowledge and skills for lifelong learning would help them find new solutions to their environmental, economic and social issues, as quoted from Chapter 36 of Agenda 21, Rio Declaration 1992. If students understand sustainability as an aspect of their social and ethical responsibility, they will become citizens who see themselves as connected to the natural world and to other humans. Thus, they will have the capacity to facilitate the development of activities that sustain rather than degrade.
Many research studies on the relationships between knowledge and attitude, such as Sheppard (2008) and Segalas (2009) indicated that graduates should be aware of sustainability issues. Therefore, their environmental attitude and behaviour could change by enhancing knowledge and awareness about environmental problems. According to the Theory of Planned Behaviour developed by Ajzen & Fishbein (1988) , attitude is a function of belief, where beliefs refer to knowledge. This finding has been supported in social learning theories, saying that attitude and behaviours are learnt through our interactions with the social world in which we live (Albert Bandura).
First-year students enter university with multiple personal backgrounds, educational levels and perceptions. Prior research has shown that students' attitudes change over the course of their first academic year (Besterfield-Sarce et. al. 1994 , 1995 . They believed that these changes can be affected by the type and quality of educational programme that the students experienced. Therefore, it is important to instil the knowledge and understanding towards the awareness of sustainable development from the early year of study, that will be built and strongly embed in their cognitive and affective outcomes (attitude) in the way to be a future sustainability engineers. First-year stage is a very important year to educate future engineers by shaping their understanding of what content (knowledge and skills in context) future engineers must possess; how content should be learned; how learning of the content should be designed; how to engage in learning activities; and how to help them engage more effectively (Erickson, 2006) .
Development of Initial Instrument
The initial instrument consists of two scales of knowledge and attitude. Knowledge is divided into two subscales, namely topics and basic knowledge about sustainable development. Items of knowledge are determined from a qualitative study using interviews with first year engineering students (Sharipah et al, 2012) . Topic consists of 12 items related to current issues on sustainability and basic knowledge consists of 6 items from course objectives. While, attitude is consists of two subscales; namely pro-self (11 items) and pro-social (7 items). Pro-self is defined as a personal development that influences the way students interact with their environment and others (Moreno. R, 2010) . Pro-social is a matter of wanting to help, caring relationships, contribution and being respectful of others. Items of the subscales are selected from established instruments to measure environmental attitude.
Methodology
The purpose of this study is to develop a structural model to assess students' knowledge-attitude towards sustainability for first-year engineering students. A mixed research methodology is used where the qualitative method triangulates within the quantitative one. The qualitative study is carried out to investigate the levels of knowledge and attitudes towards sustainability issues. Several questions, ideas, issues and perspectives have been identified and used to model the instrument. Quantitative study has been conducted as a second stage of this study by using the initial instrument from the first stage to evaluate the significance of items of each subscale. Therefore, this paper will focus and describe in detail the development of questionnaire as an instrument. Figure 1 shows the flow plan of the research methodology. as path analysis, confirmatory factor analysis, causal modelling with latent variables, and even analysis of variance and multiple linear regressions. Theoretically, structural equation model (SEM) comprises of two types of models; a measurement model and a structural model. A measurement model is a confirmatory factor analysis (CFA) model in which there is the unmeasured covariance between each possible pair of latent variables, using goodness of fit measures. The AMOS 18 with maximum likelihood estimation is used to estimate the confirmatory and structural equation models in this study. Figure 2 shows an initial structural model of assessing students' knowledge-attitude towards sustainability, developed from two measurement model of knowledge and attitude. A measurement model of knowledge consists of twelve (12) items on current topics about sustainable issues and six (6) items of basic knowledge on sustainability based on course objectives. Students are required to rate their level of knowledge according to 5 Likert-type scales; 1 -never heard of, 2 -heard of but cannot explain, 3 -know and can explain briefly, 4 -know and can explain in detail, 5 -expert and confidently talk to others. While, a measurement model of attitude consists of their pro-self and pro-social of sustainable lifestyle. Students are required to indicate their level of agreement on eleven (11) items on pro-self and seven (7) items on pro-social, according to 5 Likert-type scales; 1 -never, 2 -rarely, 3 -sometimes, 4 -often and 5 -always. 
Design of Structural Model of Knowledge-Attitude

Result and Analysis
4.1Descriptive Result
A total of 188 first year engineering students, taking 'Introduction to Engineering' course and learned something on sustainability as part of the course content participated in the research study. During the semester, respondents have also been exposed to sustainability issues through several teaching and learning approaches such as lecturing, problem-based learning, poster presentation and competition. They are required to answer the same questionnaire at the beginning and end of the semester. The composition of respondents was composed of 47.9% males and 52.1% females. 43.1% of the respondents said that they have previously received some early education on sustainability, while 51.5% said that they received education on sustainability at higher education level or university. The reliability coefficients of Cronbach Alpha were used to test the reliability of the scale and the internal consistency of the questionnaire. This is presented in Table 1 . From the statistical perspective, this is a reliable result as it exceeds 0.70 (Nunnally, 1978) . Therefore, none of the items were deleted due to reliability concerns. 
Model Evaluation and Analysis
The model was analysed using two stages of analysis, namely the Confirmatory Factor Analysis (CFA) and Structural Equation Model (SEM).
Confirmatory Factor Analysis (CFA)
Confirmatory Factor Analysis (CFA) was used to analyse the initial measurement model of knowledge-attitude. The primary goal of CFA was to evaluate the factor scale within a measurement model and to determine how well the measurement model fits to the data (Bollen, 1989). The two-step modeling approach suggested by Anderson and Gerbing (1988) was adopted. The first step of a measurement model allowed all latent scales to be correlated freely and all non-significant correlation values were removed. There were two types of measurement models: 1) first order measurement model, and 2) higher or second order measurement model. The second step of a structural analysis was designed to test relationships among latent variables.
4.2.2.1Confirmatory Factor Analysis of First-order Measurement Model of Knowledge-Attitude
Knowledge consists of two subscales, namely topics on sustainable issues and basic knowledge of sustainability. Table 2 shows the result of a statistical test of initial first-order measurement model of knowledge and attitude. The result of CFA, using path analysis showed the combinations of all subscales, excluding pro-self, did not comply with an acceptable limit of goodness of fit. Therefore, this initial first-order measurement model should be re-adjusted or trimmed to achieve a better model fit. Trimming process was carried out to improve the goodness of fit performances. Table 3 shows the statistical tests of modified first-order measurement model of knowledge and attitude. Subscale of topics, pro-self and pro-social showed a new measurement model with all values well fitted to an empirical data. However, for basic, AMOS 18 was unable to test any unobserved scales or subscales represented by less than three (3) variables. Hence, basic was reserved for final stage of structural models. Maximum likelihood (ML) estimation was used to estimate all model parameters simultaneously. Assessment on standardized residual covariance matrix showed that all residual covariances were less than 2.0 in absolute value, as well as, assessment of normality gives the values of skewness and kurtosis ranging between +1 and -1. Table 4 shows the initial second-order measurement model of knowledge and attitude did not represent an empirical data accurately. Model modification or re-adjustment were required to obtain a better model that complied with suggested goodness of fit. After several inspections such as parameter estimates, regression weights, assessment of multivariate normal distribution and standardized residual covariances, all the problematic factors were removed from the initial model. 
Confirmatory Factor Analysis of Second-order Measurement Model of Knowledg-Attitude
Structural Equation Model
Structural Equation Model (SEM), being the latest approach is capable to test empirical model simultaneously. It involves various statistical testing methods to explore the influence of knowledge on attitude. Figure 3 (in Appendix II) shows the graphical representation of a Structural Equation Model on knowledge-attitude. The twostep modeling approach suggested by Anderson and Gerbing (1988) was referred to. In the first step, a measurement model of knowledge and attitude (latent constructs) was developed and tested to correlate freely. In step two, a structural analysis was performed to test the relationships among latent variables. Using the same procedure as a measurement model, Table 5 shows the statistical test of the structural model. This initial structural result showed that the model had a good model fit. However, assessment of the parameter estimates output in Table 6 revealed that the variance of e22 was -0.077. The value of variance cannot be negative and needed to be treated properly. Joreskog and Sorbom (1984) suggested that the model was erronous or the sample was too small. Therefore, this model was modified by combining both pro-self and pro-social into one scale of attitude. Table 7 shows the results of statistical tests that complied successfully with an acceptable limit of goodness of fit. All the measured items had the skewness and kurtosis below 1.0 in absolute value. It indicated that the empirical data were normally distributed around the mean. Therefore, the sample data were considered to have good univariate normalities. After various attempts to fulfill the requirements of all benchmarked fit indices were carried out, this modified model was accepted as a final structural equation model of knowledge-attitude (Appendix IQuesionnaire). Figures 3(i) and (ii) in Appendix II show the results of assessing how much students' knowledge influence their attitude towards sustainability using the final structural model of knowledge-attitude, conducted on 188 first year engineering students at the beginning and end of first semester of 2011/2012 session. Students were exposed to different teaching and learning approaches such as lecturing, problem-based learning, poster presentation, sustainable project and competition. At the beginning of the semester, the highest factor loading was basic knowledge (0.62) followed by topics (0.42) and this knowledge influenced students' attitude at 0.37 of the factor loading. And at the end of the semester, the highest factor loading of basic knowledge increasing to 0.78 followed by topics (0.71) and attitudes (0.50). This results indicate that attitude could improve and develop through knowledge and learning experience. In term, these learning activities have also developed students soft skills, such as teamwork, creative thinking, problem solving, time management, lifelong learning and communications.
Discusssion
The use of structural equation model (SEM) has been successfully developed a model of o assess students' knowledge-attitude with a minimum number of parameters but still adequate to describe the observed covariance structure. The initial model of 36 items was reduced to 15 items. Measurement of knowledge which consists of two subscales, i.e, 1) topics related to sustainability issues with 5 items (on climate change, environmental pollution, global warming, ozone layer depletion and 3Rs), and 2) basic knowledge of sustainable development with 3 items (on definition of sustainable development, three elements of sustainability, and principles of sustainable development). The measurement of attitude consists of 7 items which combined both subscales of pro-self and prosocial into one scale. The minimum items in the questionnaire are easier for the respondent to answer. Most students felt bored and refused to answer a large number of questions and responded without reading each statement properly. Thus, these respondent's datas would affect the result of analysis, a good and simple instrument needs to be developed, evaluated and presented.
On the other hand, it is proven that the basic knowledge on sustainable development has a strong correlation to the students' attitudes. The model has also successfully measured the level of sustainable development among students, why they are required to understand sustainable development and how much it changed their attitude towards sustainability. Besides, this model can also be proposed as a tool for the lecturers to prepare their teaching material and what are the important elements of sustainable development they have to address. This model would help them to determine what level of knowledge and attitude towards sustainability before they undergo the course. At the end of the semester, they could evaluate how much students have learned and fulfilled the learning outcomes. As effective teachers, they must be professionally knowledgeable in sustainable development and capable to integrate it into their courses.
